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Acylsilanes: valuable organosilicon reagents in
organic synthesis
Hui-Jun Zhang,*w Daniel L. Priebbenow and Carsten Bolm*
Acylsilanes are a fascinating class of compounds that display a number of distinctive chemical and
physical properties. The unique reactivity pattern of the acylsilane functional group [R–C(O)Si] makes
them an increasingly attractive moiety in modern organic synthesis, and as such, they have been utilised
in a diverse range of transformations. This review provides an overview of the recent advances in the
synthesis and application of acylsilanes in organic chemistry, with a particular focus on the progress
made in the last two decades.
1. Introduction
Since the first report of their synthesis in 1957,1 acylsilanes
have attracted considerable interest and much effort has been
devoted to investigating both their preparation and synthetic
utility in organic chemistry.2 Due to the unique properties they
possess, acylsilanes can be considered as unusual carbonyl
compounds as a result of both a silicon and an oxygen atom
being directly bonded to the same sp2 carbon atom. In addition,
the steric and the electronic effects of bulky trisubstituted silyl
groups in acylsilanes have proven pivotal for achieving excellent
regio- and diastereoselectivities in several of their synthetic
applications.
The early study of acylsilanes focused on their unusual
spectroscopic properties such as their significantly longer
wavelength absorption in infrared and ultraviolet regions
compared with their carbon analogues. These properties have
been ascribed to the inductive release of electrons from the
silicon atom (Si, X = 1.90) to the carbonyl group (C, X = 2.55) and
the relatively lower energy of n–p* transitions of acylsilanes.2a,c,3
Moreover, the downfield shift of the carbonyl-carbon in a
typical 13C NMR spectrum also suggests the significant induc-
tive effects that the silicon atom has on the properties of the
carbonyl group.4 Single-crystal X-ray structure analysis of acetyl
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triphenylsilane has also revealed the abnormally long Si–C
bond distance (1.926 Å).5
The plausible resonance structures of acylsilanes are
depicted in Scheme 1.2c Notably, the large bathochromic shift
of n–p* transitions of conjugated acylsilanes such as aroyl-
silanes and a,b-unsaturated acylsilanes gives them a bright
yellow color and also results in them being very sensitive to
light.6 These observations have provided insight into the
chemical properties of acylsilanes, including the inherent
reactivity of the carbonyl group, the activation of the C–Si bond,
and the photochemical features of silyl ketones.
Interestingly, in a majority of the publications regarding
acylsilanes, the word versatility has been frequently used to
describe their various reaction modes in processes including
nucleophilic addition reactions, oxidation and reduction reactions,
radical cyclisations, aldol reactions, coupling reactions, and
photochemical or thermal isomerisations. In some of these
transformations, the acylsilanes were employed as sterically
hindered aldehydes. In other processes, the umpolung reactivities
of acylsilanes (i.e. the reversible rearrangement of silyl groups
from the carbon to the oxygen, as in transformations of 1 to 4 or
6 as depicted in Scheme 2) were considered as the driving force.
Notably, both the a-carbon and the carbonyl oxygen can also
behave as nucleophiles in several reaction pathways (see inter-
mediates 7 and 8, respectively; Scheme 2). These properties of
acylsilanes provide many exciting possibilities for the develop-
ment of numerous new transformations.
The purpose of this review is to provide a general summary
of the literature surrounding acylsilanes, in particular recent
progress in the synthesis and application of acylsilanes in
organic chemistry. Although some reviews on the topic of
acylsilane chemistry have already appeared,2 we aim to provide
a relatively comprehensive overview in which a majority of the
representative results are summarised. Additionally, Section 3
is divided according to different modes of reaction and the
various mechanisms of the transformations are emphasised.
Recently, a summary regarding the chemistry of silyl glyoxylates,
a special class of silyl carbonyl compounds, was reported, and
as such this will not be covered herein.7
2. The preparation of acylsilanes
2.1 The use of dithianes or benzotriazoles
A number of efficient methods for the preparation of substituted
acylsilanes have been developed. The most general procedure
for the formation of acylsilane 12 is the Brook–Corey strategy
involving the formation of 1,3-dithiane 10 from aldehyde 9,
lithiation and subsequent silylation of the 1,3-dithianes, and
finally hydrolytic deprotection of silyl 1,3-dithianes 11 (Scheme 3).8
In preliminary research, due to the stability of Hg–S s
bonds, mercuric chloride was predominantly used to remove
the thioketal protecting group of compound 11. However, there
were several limitations to this approach, in particular the
toxicity of mercury salts and potential over-hydrolysis of the
relatively weak Si–C(O) bond. In this context, some oxidising
reagents were also adopted for the regeneration of the carbonyl
group from silyl 1,3-dithianes such as chloramine-T/methanol,
ceric ammonium nitrate, [bis(trifluoroacetoxy)-iodo]benzene,
CuCl2–CuO and MeI or I2/CaCO3.
9 More recently, Moran and
co-workers found that N-bromosuccinimide could be used as a
mild oxidising reagent in the oxidative hydrolysis of silyl
1,3-dithianes; however, for aromatic acylsilanes, over-oxidation
to the carboxylic acid was observed.10 The identification of
more mild and selective hydrolytic conditions is still necessary
to minimise the oxidation or over-hydrolysis of acylsilanes.
Scheme 1 The resonance structures of acylsilanes.
Scheme 2 Several reactivity modes of acylsilanes have been exploited.
Scheme 3 The preparation of acylsilanes from dithianes.
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Although not extensively studied yet, anodic oxidation has
shown potential as an efficient method to achieve the deprotec-
tion of silyl 1,3-dithianes 11.11 Employing the Brook–Corey
strategy, several more interesting acylsilane derivatives, such
as carbohydrate-derived acylsilanes12 and bis(acylsilanes),9e,f,13
have been successfully prepared.
Besides silyl 1,3-dithianes, several other a-silyl acyl anion
equivalents were also adopted for the synthesis of acylsilanes.14
In 1996, Katritzky developed another general strategy involving
the lithiation and silylation of 1-(benzotriazol-1-yl)-1-ethoxyalk-
anes 13 to form acylsilane precursor 14 which was subsequently
hydrolysed under acidic conditions to form various aroyl-,
heteroaroyl-, a,b-unsaturated alkenoyl-, and alkynoylsilanes
(Scheme 4).14c–e However, as in the case of the Brook–Corey
strategy, the Katritzky method is indirect and requires tedious
protection–deprotection steps to access the acylsilane products.
2.2 The oxidation of (a-hydroxyalkyl)silanes
Perhaps a more efficient method for the preparation of acyl-
silanes is through the direct oxidation of (a-hydroxyalkyl)-
silanes. In 1984, Reich and Eisenhart described the reaction
of (dimethylphenylsilyl)lithium with aldehydes 15 affording
(a-hydroxyalkyl)silanes 18, which were then readily oxidised to
acylsilanes 1 (Path A, Scheme 5).15 In addition, the direct
addition of nucleophiles to formyltrimethylsilane 16 also pro-
vides an efficient method for the synthesis of (a-hydroxyalkyl)-
silanes 18 (Path B, Scheme 5).16 The aliphatic reverse Brook
rearrangement of {a-[(trialkylsilyl)oxy]alkyl}lithium intermedi-
ates, accessed by the transmetallation of the corresponding
stannane derivatives 17, is another suitable method to access
(a-hydroxyalkyl)silanes 18 (Path C, Scheme 5).17
Another approach to acylsilanes was described by Lipshutz
who reported that the attack of a series of nucleophiles on the
a-epoxytriisopropylsilane (19) afforded the corresponding
a-silyl alcohols 20 in good yields. These silyl alcohols 20 can
then be readily oxidised to acylsilanes 21 (Scheme 6).18 Several
oxidising reagents such as CrO3/H2SO4, DCC/DMSO, CrO3/
pyridine, oxalyl chloride/DMSO (Swern oxidation), KMnO4/
Al2O3, and even air (Relay oxidation) have been employed in
this context; however, the Swern oxidation seems to be the most
accessible and general oxidising system commonly employed in
the preparation of acylsilanes.2a,19
2.3 The silylation of carboxylic acid derivatives
Nucleophilic silylation of carboxylic acid derivatives facilitates
direct formation of the corresponding acylsilanes. Various
silicon nucleophiles and pro-nucleophiles have been adopted
in these strategies. As early as 1979, Picard investigated the
reductive silylation of esters or acyl chlorides in the presence
of SiMe3Cl/Mg/HMPT and developed a convenient synthesis of
aroyltrimethylsilanes 24 and a,b-unsaturated acylsilanes
(Scheme 7).20 This method was further optimised through the
use of Mg/I2/SiMe3Cl in the preparation of functionalised aroyl-
silanes using the non-toxic solvent 1-methyl-2-pyrrolidinone.21
The direct reaction of acid chlorides with Ph3SiLi in the
presence of a stoichiometric amount of CuI provides rapid
access to acylsilanes.22 In 1987, Kang reported that readily
available Al–Si reagents, LiAl(SiMe3)4 or LiMeAl(SiMe3)3,
reacted with acid chlorides and anhydrides in the presence of
a catalytic amount of CuCN affording the desired acylsilanes
(Scheme 8).23 At almost the same time, Degl’Innocenti observed
that (trimethylsilyl)cuprate reacted with acid chlorides to pro-
vide the acylsilanes in good yields.24 Furthermore, the group of
Ohno reported that the reaction of S-2-pyridyl esters with
Al(SiMe3)3 in the presence of CuCN is an efficient method for
the synthesis of a-chiral acylsilanes (Scheme 8).25
In 1995, a much more readily applicable silyl-zinc cyano-
cuprate (Me2PhSi)2Cu(CN)(ZnCl)2 was developed by Ricci and
co-workers, prepared by treating dimethylphenyllithium with zinc
chloride in THF, followed by the addition of CuCN. This reagent
was then reacted with acyl chlorides 26 to form acylsilanes 27
(Scheme 9).26 A number of functional groups were well tolerated
in this procedure, which was shown to be efficient for the
synthesis of N-phthaloyl protected a- and b-amino acylsilanes.27
Moreover, N-Boc protected a-aminoacylsilanes 29 were prepared
Scheme 4 The synthesis of acylsilanes from N,O-acetals.
Scheme 5 Alternative methods for the preparation of (a-hydroxyalkyl)silanes,
which can be readily oxidised to acylsilanes.
Scheme 6 The synthesis of acylsilanes from a-epoxytriisopropylsilane.
Scheme 7 The synthesis of acylsilanes from ester.
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through the corresponding reaction of acylimidazolides 28 with
the multimetallic reagent (Me2PhSi)2CuCNLi2 (Scheme 9).
28
In 1994, Fleming and co-workers first reported the reaction
of (dimethyl)phenylsilyllithium with amides or esters to form
acylsilanes.29 For the ester substrates, the addition of two
equivalents of lithium reagent led to the formation of disilyl
alcohols, which were then oxidised with Pb(OAc)4 and
hydrolysed with SiO2 to afford the desired acylsilanes.
15b,30
Subsequently, Scheidt investigated the reaction of amides with
silyl-lithium reagents, and found that morpholinamides 30
could be successfully employed to prevent over-addition and
negate the need for subsequent oxidation steps (Scheme 10).31
In addition to the metal–silicon reagents described above,
readily available di-silicon or silicon–tin compounds can also
be employed in acylsilane synthesis through transmetalation
following activation by transition metal complexes. Since 1980,
research on the palladium-catalysed direct silylation of acyl
chlorides has been thoroughly investigated. Yamamoto and
co-workers found that benzoyl chloride reacted with hexamethyl-
disilane 34 in the presence of allyl palladium chloride dimer and
P(OEt)3 to form the corresponding trimethylacylsilane 12
(Scheme 11).32 Notably, for electron-deficient aromatic acid
chlorides, decarbonylation by-products were also produced.33
This palladium-catalysed pathway is mild and selective, which
is advantageous in the preparation of heteroaryl-acylsilanes. In
addition to di-silyl reagents, trimethyl(tributylstannyl)silane 35
was also found to react with acid chlorides in the presence of a
palladium catalyst to form both aromatic and aliphatic sub-
stituted acylsilanes.34
The palladium-catalysed cross-coupling reactions of thiol
esters 36 with silylzinc chlorides 37 also provided access to
acylsilanes 1 (Scheme 12).35 Recently, based on their continued
interest in palladium-catalysed carbonylation reactions of aryl
halides, Beller and co-workers reported a novel palladium-
catalysed carbonylative synthesis of acylsilanes 39 from aryl
iodides 38 (Scheme 13).36
The synthesis of some more unusual substituted acylsilanes
was recently reported by the group of Murakami involving an
intramolecular s-bond metathesis reaction between carbon–
carbon and silicon–silicon bonds (Scheme 14).37 This palla-
dium-catalysed intramolecular reaction between a disilane
moiety tethered to a cyclobutanone functional group led to
the formation of a silaindane skeleton in addition to the
acylsilane functionality. A range of functional groups were well
tolerated in this reaction process and the mechanism is
proposed to proceed via a bicyclic palladium(IV) species.37
2.4 The synthesis of acylsilanes from alkynes
Several functionalised acylsilanes have also been prepared from
alkynes. In 1977, Hassner and Soderquist reported the first
method for the synthesis of acylsilanes by the hydroboration–
oxidation of silylacetylenes, including the synthesis of acyl-
silanes 43 from a silyl-substituted enyne 42 (Scheme 15).38
Zweifel and Miller also contributed strongly in this area,
further investigating this reaction process.39 Subsequently,
Bulman-Page and Rosenthal reported the synthesis of
a-bromoacylsilanes through the reaction of NBS with enol
borinates, prepared directly from silyl acetylenes.40 In 1995,
Oshima and Utimoto found that a-haloacylsilanes 47 could be
Scheme 8 The copper-mediated synthesis of acylsilanes.
Scheme 9 The preparation of acylsilanes utilising organocuprates.
Scheme 10 The synthesis of acylsilanes from morpholinamides.
Scheme 11 The palladium-catalysed synthesis of acylsilanes from acid chlorides.
Scheme 12 The palladium-mediated synthesis of acylsilanes from thioesters.
Scheme 13 The palladium-catalysed carbonylative synthesis of acylsilanes.
Scheme 14 The intramolecular reaction of a disilane with a cyclobutanone to
form the acylsilane.
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formed from the reaction of 2-halo-2-trimethylsilyloxiranes 46
with metal salts such as ZnCl2, ZnBr2, NaI, and AgBF4
(Scheme 16).41 In 1993, it was reported that the palladium-
catalysed silyl-stannation of alkynes followed by the coupling
with organic halides and acid-catalysed hydrolysis afforded a
variety of functionalised acylsilanes 52 (Scheme 17).42
2.5 Alternative methods for acylsilane synthesis
Some of the earliest synthetic methods published regarding
acylsilane synthesis employed benzyl and allyl silanes, which
reacted with NBS to form the corresponding gem-dibromides 54
(Scheme 18).1,3b,43 The subsequent oxidation of the dibromo-
substrate employing silver acetate provided access to a series of
acylsilanes such as 55. This method proved particularly effec-
tive for the synthesis of aromatic acylsilanes.
The oxidation of a-trimethylsilyl diazoalkanes 57 has been
utilised to form functionalised acylsilanes 12 (Scheme 19).44
Similarly, in 1985, Ricci and co-workers reported that acyl-
silanes 12 could be prepared through the oxidation of phos-
phonium ylides 58 (Scheme 20).45
In 1982, Seyferth and Weinstein reported the most direct
procedure to access aliphatic acylsilanes: through the carbonyl-
ation of organolithium reagents 59 to form acyllithium reagent
60 followed by reaction with trimethylchlorosilane (Scheme 21).46
Previously, it was also identified that the reaction of phenyl-
lithium with organosilyl-cobalt(tetracarbonyl) complexes afforded
benzoyltriphenylsilanes directly.47 The carbonylation of
a-lithioalkylsilanes was presented as a much shorter route to
the enolate anions of acylsilanes, which are important synthetic
intermediates,48 however, this approach is still unsatisfactory
due to the limited substrate scope and rigorous reaction con-
ditions required.
In 1974, it was found that the reaction of N-phenylpivalimidoyl
chloride with Me3SiCl and Mg in basic solvents yielded the
C-silylated imine, which could then be hydrolysed to yield the
trimethylsilyl pivaloyl ketone.49 In 1996, during their studies on
the reaction of nitriles with phenyldimethylsilyllithium,
Fleming and co-workers identified that acylsilane 62 could be
obtained from pivalonitrile 61, albeit in low yield (Scheme 22).50
Unfortunately, this approach to acylsilane synthesis utilising
the hydrolysis of C-silylated imines was not general, and the
substrate scope was very limited.
More recently, a nickel-catalysed protocol has been reported
by Grée and co-workers for the preparation of aliphatic-
substituted acylsilanes 65 and 66 from a-hydroxyallylsilanes 64
(Scheme 23).51 Transition metal-catalysed isomerisation employing
Scheme 15 The hydrolysis of silyl-alkynes to form acylsilanes.
Scheme 16 The synthesis of acylsilanes from silyl-alkynes.
Scheme 17 The palladium-catalysed method for the preparation of acylsilanes
from alkynes.
Scheme 18 The synthesis of acylsilanes from gem-dibromides.
Scheme 19 The synthesis of acylsilanes from a-trimethylsilyl diazoalkanes.
Scheme 20 The synthesis of acylsilanes from phosphonium ylides.
Scheme 21 The carbonylative synthesis of acylsilanes from organolithium reagents.
Scheme 22 The synthesis of an acylsilane from pivalonitrile.
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the NiCl2dppe catalyst in the presence of super hydride
(lithium triethylborohydride) afforded the alkyl-substituted acyl
silanes 65 in good to excellent yield. An analogous isomerisation–
aldolisation process using a catalytic amount of NiCl2BINAP,
super hydride and MgBr2 facilitated the reaction between the
hydroxyallylsilane and an aldehyde to form highly substituted
acylsilanes 66. This reaction process involves the initial nickel-
catalysed isomerisation to form the acylsilane, which, in the
presence of MgBr2, then reacted with the aldehyde through a
Zimmerman–Traxler transition state. It was observed that the
diastereoselectivity of the reaction was highly dependent on
steric factors, and the more bulky alkylsilyl groups provided the
highest diastereoselectivity.51
Acylsilanes have also been prepared through the alkyl-
lithium mediated [1,4]-Wittig rearrangement of a-alkoxysilanes
67 (Scheme 24).52 The yields of this reaction process are poor to
moderate due to the competing [1,2]-Wittig rearrangement and
other related isomeric processes that can take place.
Oshima and co-workers have reported a simple method for
the preparation of various acylsilanes starting from dichlorobis-
(methyldiphenylsilyl)methanes 69a or boryldichloromethylsilane
69b (Scheme 25).53 In this one-pot process, the sequential
treatment of 69 with n-butyllithium and Grignard reagents
in the presence of CuCN2LiCl led to the formation of
gem-disilylalkylcuprates or gem-borylsilylalkylcuprate 72. Although
this is a conceptually new strategy utilising the efficient
oxidation of organocuprate 72 with atmospheric air, there are
still shortcomings such as a limited diversity of applicable silyl
groups and the requirement of predominantly non-commercially
available Grignard reagents.
2.6 The preparation of a,b-unsaturated acylsilanes
The combination of both an acylsilane moiety and a conjugated
double bond makes a,b-unsaturated acylsilanes very attractive
building blocks for organic synthesis.54 Additionally, they have
exhibited excellent reactivity patterns in several reaction
processes, such as Brook reactions, Michael additions, Diels–
Alder reactions, and other cycloadditions. Of particular interest
is the polymerisation of 1-(trimethylsilyl)-2-propen-1-one
(VTMSK).55 Because of the huge potential of a,b-unsaturated
acylsilanes in organic synthesis, significant efforts have been
made to develop convenient methods for their preparation.
Considering the difficulties in the selective synthesis of a,b-
unsaturated dithianes, the Brook–Corey strategy (see Scheme 3)
is not suitable for the synthesis of a,b-unsaturated acylsilanes.
Although Katritzky’s method could provide access to unsaturated
acylsilanes (see Scheme 4), it is less efficient than other approaches
due to the tedious protection–deprotection steps required.
During the research on allenic carbanions, Leroux and
co-workers synthesised the first a,b-unsaturated acylsilane in 1971
through bislithiation of propargylic ether followed by alkylation,
silylation, and hydrolysis.56 In a similar fashion, Clinet and
Linstrumelle found that the direct lithiation of methoxyallene
afforded lithiated allenic ethers, which like a-lithio enol ethers
are considered as a,b-unsaturated acyl anion equivalents.57
Silylation of a-alkoxyvinyllithiums also provided access to acyl-
silanes and several methods to prepare various acylsilanes were
developed based on this approach.58 In 1980, Hassner reported
the preparation of a-lithio enol ethers 76 and their reaction
with chlorotrimethyl derivatives of silicon, germanium, and tin
to yield the corresponding C-metallovinyl ethers 77, which
could then be hydrolysed in aqueous acetone to afford the
corresponding acylmetallanes 78 (Scheme 26).59
To further develop this methodology, Reich and co-workers
chose the readily available ethoxyethylallene 79 as the initial
substrate, rather than the volatile and easily polymerizable
methoxyallene (Scheme 27).54 In addition, the oxidation of
Scheme 23 The nickel-mediated synthesis of acylsilanes.
Scheme 24 The [1,4]-Wittig rearrangement of a-alkoxysilanes affords acylsilanes.
Scheme 25 The synthesis of acylsilanes from gem-dichlorosilanes.
Scheme 26 a,b-Unsaturated acylsilane derivatives prepared from lithium enol
ethers.
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selenides 81 (R0 = SeMe) with m-chloroperoxybenzoic acid
(m-CPBA) followed by a selenoxide [2,3] sigmatropic rearrange-
ment afforded acetylenic silyl ketones 83 (Scheme 27).
In 2003, Akiyama and co-workers developed an efficient
asymmetric synthesis of a,b-unsaturated acysilanes by the
Cu(I)-catalyzed enantioselective [2+2] cycloaddition of 1-methoxy-
allenylsilane 84 with a-imino ester 85 to yield 3-methylene-
azetidine 2-carboxylates 86 in good yield (Scheme 28).60
Subsequent acid-mediated hydrolysis afforded the chiral
amino-ester acylsilane derivatives 87.60
At the same time, during a study involving selenium-stabilised
anions, Reich also reported that the rearrangement of selenoxide
91 derived from the phenyl propargyl selenide 88 permitted
the preparation of a,b-unsaturated acylsilane 93 (Scheme 29).61
The dilithium reagent can be considered as an acrolein dianion
equivalent. Unfortunately, however, this pathway is not general
and has several limitations. In subsequent studies, Reich
and co-workers found that the lithiation of easily prepared
1,3-bis(phenylseleno)propene 94 followed by silylation, alkylation,
oxidation, and hydrolysis is a more efficient route to a,b-unsaturated
acysilanes 96 (Scheme 30).62
The reverse Brook rearrangement of silyl compounds has
also been used to prepare a,b-unsaturated acylsilanes. The
[1,2]-Wittig rearrangement of lithiated allyl silyl ethers 99
followed by the oxidation of (a-hydroxyallyl)silanes 101 pro-
vides an efficient route to a,b-unsaturated acylsilanes 102, in
particular those without b-substituents (Scheme 31).63
Lithium silyl-acrolein enolate 105 derived from the reverse
Brook rearrangement of allenyl lithium 104 was reacted with
aldehydes to form acylsilanes 106 (Scheme 32).64 Due to the
undesired cleavage of the silyl group during the formation of
Scheme 27 The synthesis of unsaturated acylsilane substrates from allenes.
Scheme 28 The synthesis of chiral a,b-unsaturated acylsilanes.
Scheme 29 The synthesis of seleno-substituted a,b-unsaturated acylsilanes.
Scheme 30 The preparation of a,b-unsaturated acylsilanes from bis(phenylseleno)-
propene.
Scheme 32 The synthesis of a,b-unsaturated acylsilanes from silyl allene ethers.
Scheme 31 a,b-Unsaturated acylsilane synthesis from allyl alcohols.
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silyl allene ethers from the corresponding silyl propargyl ethers,
sensitive TMS, TES, and phenyldimethylsilyl acylsilanes could
not be formed using this protocol.
Unlike propargyl aldehyde, ethynyl triphenylsilyl ketone 107
underwent Michael addition with silylated nucleophiles, carbo-
cuprates, and metallocuprates to form a series of b-functionalised
propenoylsilanes (108–110), including more versatile bismeta-
lated compounds such as silyl- and stannyl-propenoysilanes
110 (Scheme 33).65 Moreover, the addition of azides to ethynyl
triphenylsilyl ketone leads to the formation of 1-substituted-
1,2,3-triazolyl-4-and-5-acylsilanes.66
An alternative method for the preparation of unsaturated
acylsilanes is through the a-elimination of aliphatic-substituted
acylsilanes. In 1978, Kuwajima and co-workers developed a
route from trimethylsilyl enol ethers 111 through phenylsulfe-
nylation and oxidation, followed by thermal decomposition of
the resulting a-phenylsulfinylacylsilanes 113 (Scheme 34).67 In
1981, Zweifel described the preparation of a,b-unsaturated
acylsilanes using a Peterson olefination.39b In 1985, Cunico
and co-workers developed a protocol involving the dehydrobro-
mination of brominated acylsilanes leading to the formation of
unsaturated acylsilanes.58c In 1994, Portella reported a similar
route by dehydration of b-hydroxyacylsilanes.12a Later, Mazzanti
and co-workers disclosed a novel route to a,b-unsaturated
acylsilanes 118 based on the one-pot Mannich reaction of
enolisable acylsilanes 115 (Scheme 35).68 In 1989, an efficient
and convergent synthetic route to a,b-unsaturated acylsilanes
120 was developed involving the Horner–Wadsworth–Emmons
reaction of (a-phosphonoacyl)-silanes 119 (Scheme 36).69
a-Silyl enol ethers or thioenol ethers, which can be prepared
utilising the Peterson reaction starting from 121, have been
hydrolysed to acylsilanes (Scheme 37).70 In 1995, Cunico and
co-workers reported a conjugate addition–elimination route to
a-silyl enol ethers 123, which were then hydrolysed to afford
3,3-dichloro-1-(trimethylsilyl)-2-propenone 126 (Scheme 38).71
The subsequent stereoselective substitution of two carbon–
chlorine bonds using organocuprate reagents afforded a series
of b,b-disubstituted-a,b-alkenoylsilanes 128.
In 2007, Denmark and Xie reported the Lewis acid-promoted
g-selective conjugate addition of 1-silyl-substituted dienol silyl
Scheme 33 The preparation of a series of a,b-unsaturated acylsilanes from
ethynyl triphenylsilyl ketone.
Scheme 34 The preparation of a,b-unsaturated acylsilanes from silyl enol
ethers.
Scheme 35 The synthesis of a,b-unsaturated acylsilanes from enolisable acyl-
silanes utilising a Mannich reaction.
Scheme 36 The Horner–Wadsworth–Emmons reaction of (a-phosphonoacyl)-
silanes provides access to a,b-unsaturated acylsilanes.
Scheme 37 Silyl (thio)enol ethers can be hydrolysed to afford acylsilanes.
Scheme 38 The synthesis of unsaturated acylsilanes from enol ethers.
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ethers 130 to nitroalkenes 129 (Scheme 39).72 This Mukaiyama-
type vinylogous aldol reaction led to the formation of a,b-
unsaturated acylsilanes 131 which could be further used for
the synthesis of azepanes 133. The acylsilane-derived dienol
ether 130 can be synthesised from allyltrimethylsilanes73 which
are favorable substrates for the high g-regioselective addition
due to the introduction of the two bulky silyl substituents.
2.7 The synthesis of fluoro-substituted acylsilanes
In 1992, Xu reported the synthesis of novel trifluoroacetyltri-
phenylsilane (136) from the reaction of trifluoroacetic acid
anhydride with a silylcuprate to form the desired product in
75% yield (Scheme 40).74 Starting from trifluoroacetyl chloride
the desired acylsilane could be obtained in around 30% yield.
However, due to the instability of other silyllithium reagents,
only aryl-substituted trifluoroacetylsilanes could be formed
using this method.
In 2003, Bordeau’s group developed an efficient electro-
chemical method for the synthesis of trifluoroacetyltrimethyl-
silane (139) starting from ethyl trifluoroacetate (137) (Scheme 41).75
Inspired by the previous work on the formation of a,a-
difluoroketone structures by [3,3]-Claisen rearrangement of
allyl trifluoroethyl ethers,76 in 2001, Percy and co-workers
investigated the dehydrofluorination/metallation of several
allyl trifluoroethyl ethers for the formation of difluoroenol
silanes 141. These enolsilanes then undergo a Claisen rearran-
gement to afford the a,a-difluoroacylsilanes 142 (Scheme 42).77
At the same time, Welch and co-workers reported the
synthesis of 1,1-difluoro-2-trialkyl(aryl)silyl-2-trimethylsilyl-
oxyethenes 146 and the related fluorinated acylsilanes
147–149 starting from 2,2,2-trifluoroethanol (Scheme 43).78
Subsequently they also reported the Mannich reaction between
1,1-difluoro-2-trialkyl(aryl)silyl-2-trimethylsilyloxyethenes such
as 150 and sulfonylimines 151 to produce the corresponding
a,a-difluoroacylsilanes 152, which were readily converted to the
corresponding a,a-difluoro-b-amino acid esters (Scheme 44).79
In 2009, Qing and co-workers developed an efficient method
for the preparation of b-amino-a,a-difluoroketone derivatives
including a,a-difluoroacylsilanes 155 through oxidative difluoro-
methylation of tertiary amines 153 (Scheme 45).80
Scheme 39 The preparation of a,b-unsaturated acylsilanes by a Mukaiyama-
type vinylogous aldol reaction.
Scheme 40 The synthesis of a trifluoromethyl substituted acylsilane.
Scheme 41 An electrochemical method for the preparation of trifluoro-
acetyltrimethylsilane.
Scheme 42 The synthesis of a,a-difluoroacylsilanes.
Scheme 43 The preparation of a-fluoroacylsilanes from 2,2,2-trifluoroethanol.
Scheme 45 The oxidative difluoromethylation of tertiary amines to prepare
acylsilane derivatives.
Scheme 44 The Mannich reaction to access a-fluoroacylsilanes.
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3. The reactions of acylsilanes
3.1 Nucleophilic additions with organometallic reagents
In principle, acylsilanes can be considered as carbonyl deriva-
tives. Therefore, they typically react in a similar fashion to
aldehydes or ketones in nucleophilic addition reactions with
organometallic reagents to form silyl alkoxides 156, which can
be further hydrolysed to a-silyl alcohols 159 (Scheme 46). Due
to the presence of bulky silicon groups, acylsilanes also show
higher Cram selectivities in these reaction processes. Moreover,
the silyl group can be easily removed following reaction; thus,
acylsilanes can be considered as sterically hindered aldehydes
because of the bulky but removable silyl group.81 In addition,
Brook rearrangement (migration of a silyl group from a carbon
to an oxygen atom) of silyl alkoxides 156 leads to the formation
of the intermediate 157, which can be further reacted in the
regio- and stereoselective formation of siloxy allenes 155 and
silyl enol ethers 160–161 (Scheme 46).
3.1.1 Acylsilanes as aldehyde equivalents. In 1982, Wilson
reported that the reaction of acylsilanes with (3-methylpenta-
dienyl)lithium afforded 1,3-diene derivatives 164 selectively,
and that formation of the regioisomer 165 was not observed
(Scheme 47).82 Moreover, by treatment with KH in HMPA, the
TMS group in adduct 164 could be readily cleaved via Brook
rearrangement. The steric effects of the initial carbonyl com-
pounds on the regioselectivity of the reactions with (3-methyl-
pentadienyl)lithium in THF are summarised in Scheme 47.
As observed from these results, acylsilanes function as sterically
hindered aldehyde equivalents. Thereafter, regioselective
allylation and propargylation protocols of acylsilanes were devel-
oped and utilised for the synthesis of homoallylic or homo-
propargylic compounds such as PEG3 and F3a methyl esters.
83
Stereoselectivities in nucleophilic addition reactions of acyl-
silanes are among the most important aspects of their applica-
tions. Through non-chelation controlled 1,2- or 1,3-asymmetric
induction, a- and b-chiral acylsilanes exhibit high diastereotopic
facial selectivity in nucleophilic additions when compared to
the corresponding chiral aldehydes.9b,84 For example, the reac-
tion of acylsilane 166 with n-butyllithium affords syn- and anti-
a-hydroxysilanes 167a and 167b with high diastereoselectivity
(>99 : 1, Scheme 48). After treatment with n-tetrabutylammo-
nium fluoride (TBAF), stereospecifically desilylated products
169a and 169b were obtained with retention of the configu-
ration (syn : anti > 99 : 1).84a Of particular interest, the reaction
of the corresponding aldehyde with n-butyllithium gave rise to
169a and 169b in a diastereomeric ratio of only 5 : 1. Both steric
and electronic effects (s*-orbital energies) of the silyl group were
considered to contribute to the high level of stereoselectivity
achieved. More recently, in addition to the commonly employed
organolithium and Grignard reagents, the highly diastereo-
selective addition reactions of organomanganese compounds
to chiral acylsilanes have also been reported.84c
(Syn-a,b-dialkoxyacyl)silane 170 was observed to undergo
a 1,2-chelation-controlled diastereoselective addition with allyl-
tributyltin under ZnCl2 activation affording 1,2,3-syn-triol
derivatives 171 (Scheme 49).85 Similarly, starting from stable
and accessible nitrogen-protected a- and b-aminoacylsilanes,
enantiopure b- and g-amino alcohols could be obtained follow-
ing the stereoselective reaction of acylsilanes with allylmetal
reagents followed by stereospecific protodesilylation and
deprotection of the amino group.27,28a,86
Since 1991, Bienz and co-workers have investigated the
reactions of acylsilanes containing chiral silicon auxiliaries
Scheme 46 Acysilanes can undergo nucleophilic addition reactions to afford a
series of valuable compounds.
Scheme 47 The regioselective addition of organolithiums to acylsilanes.
Scheme 48 Acylsilanes afford much greater diastereoselectivity than the corres-
ponding aldehydes.
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with organometallic reagents. Alkoxymethyl substituents on the
silicon atoms can act as stereochemical directors (Scheme 50).87
However, for this series of reactions, the preparation of the
chiral acylsilanes 172 proved to be time consuming and partial
racemisation of the chiral auxiliaries during the reaction pro-
cess was observed. Recently, the same group has developed an
alternative class of chiral silicon auxiliaries such as acylsilane
174.88 These enantiopure acylsilanes are easily accessible
and high stereoselectivities were observed in the subsequent
reactions with organometallic species.
The reaction of acylsilanes with asymmetric reductive-
alkylating reagents afforded chiral tertiary alcohols (for exam-
ple 175). In 1994, asymmetric allylboration of acylsilanes with
B-allyldiisopinocampheylborane [(+)-Ipc2BAllyl] was reported
(Scheme 51).89 The enantioselectivity achieved was highly
substrate dependent and the greatest level of enantioselectivity
was obtained with a,b-unsaturated acylsilanes. Recently, Lu
and Chan reported the zinc-salen-catalysed asymmetric alkynyl-
ation of alkyl acylsilanes.90
3.1.2 The Brook rearrangement of silyl alkoxides. It has
been observed that a-silyl alkoxides can undergo Brook rear-
rangement to form useful carbanionic species.91 In 1979, Reich
reported that when a leaving group was present at the
a-position, b elimination of a-silyl alkoxides led to the formation
of silyl enol ethers 178 (Scheme 52).92 The authors proposed a
mechanism involving the concerted silyl migration and depar-
ture of the leaving group to avoid the formation of a high
energy intermediate. Several lithium reagents bearing a-leaving
groups were investigated including those derived from ethyl
phenyl sulfone, 2-phenylpropyl phenyl sulfone, ethyl phenyl
selenoxide and bisphenylselenomethane by treatment with
LiN(i-Pr)2. When starting from a-phenylthiosilyl ketones 181,
stereoisomerically pure enol derivatives 184 were selectively
obtained (Scheme 53).93 Subsequently, this chemistry has been
applied to the synthesis of allenyl and dienyl silyl ethers.9b,15a,54
If acetylenic lithium or vinylmetallic (Mg and Li) reagents are
employed, propargylic-allenic lithium or siloxyallylmetallic
reagents can be formed (Schemes 54 and 55).9a,62a,94 Similar
intermediates can also be accessed through the addition of
organometallic reagents to unsaturated acylsilanes. In addition,
Reich has reported the synthesis of alkynyl (acetylenic) and vinyl
(olefinic) silyl ketones and investigated their reactions with
organometallic reagents.9a The selectivity of these reactions
depends on the stabilisation of the carbanion intermediates
and the reactivity of electrophiles. During the study on the
reactions of acylsilanes with vinyl magnesium, Kuwajima
Scheme 49 Chelation controlled diastereoselective nucleophilic addition to
acylsilanes.
Scheme 50 Chiral silyl groups were employed in the diastereoselective nucleo-
philic addition to acylsilanes.
Scheme 51 The reaction of acylsilanes with chiral reducing agents.
Scheme 52 The synthesis of silyl enol ethers from acylsilanes.
Scheme 53 The regioselective preparation of silyl enol ethers from a-substi-
tuted acylsilanes.
Scheme 54 The nucleophilic addition of lithium-alkynes to acylsilanes.
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proposed that in addition to a bulky silyl group, another bulky
group situated on the carbon attached to the silyl and oxide
anion may cause severe steric repulsion between these groups to
facilitate the rearrangement of the silyl group from the carbon to
the less sterically hindered oxide anion. Magnesium cations
seem to be optimal for this reaction process as the lithium
reagent results in the irreversible rearrangement of 189 to
lithium enolates of b-silyl ketones 190 (Scheme 55).94 Moreover,
the nucleophilic addition of magnesium or lithium homoenolate
equivalents 188 with enones or oxiranes could be achieved in the
presence of copper(I) trimethylsilylacetylide.94d,e
In 2009, Marek investigated the zinc-catalysed addition of
various alkynes to acylsilanes by tandem Zn-Brook rearrange-
ment/ene-allene carbocylisation (Scheme 56).95 Ricci reported
that the selective reaction of vinylmagnesium bromide with
acylsilanes in the presence of CeCl3 afforded the corresponding
silylated allyl alcohol.96 Oxophilic trivalent cerium was employed
to inhibit the rearrangement from magnesium alkoxide to
homoenolate. The aforementioned strategies to form enol ethers
and tri- or tetra-substituted olefins were utilised by Corey in
the synthesis of several polylene natural products including
d-araneosene, dammarenediol II, and (+)-a-onocerin.97
From 1993, Takeda and co-workers have investigated the
reaction of acylsilanes with ketone enolates and designed
several tandem reactions which have been used in total synth-
eses (Scheme 57).98 For example, Takeda reported the reaction
of b-heteroatom-substituted a,b-unsaturated acylsilanes 203
with ketone enolates (Scheme 58).98a,e A [3+2] annulation
following Brook rearrangement leads to the formation of
cyclopentanes (Scheme 58).
As an alternative to ketone enolates, a,b-unsaturated methyl
ketone enolates 208, as four-carbon components, were shown
to react with b-silyl-a,b-unsaturated acylsilanes 207 efficiently
affording cycloheptenones 211 (Scheme 59).98f–h Recently,
Takeda reported the enantioselective synthesis of a-silyl allylic
alcohols from b-substituted acrylsilanes and siloxyallenes from
alkynoylsilanes through a Meerwein–Ponndorf–Verley-type
reduction and subsequent Brook rearrangement.99 Scheidt
described the synthesis of tertiary b-hydroxy amides 214 by
amide enolate additions to acylsilanes (Scheme 60).100 The
intermediate b-silyloxy homoenolates 213 were formed by a
Brook rearrangement reaction pathway.
Similar to Reich’s work mentioned before,92 Honda and
co-workers recently also reported that the reaction of acylsilanes
with a-lithioalkyl sulfoxides 215 afforded silyl enol ethers 217
through the formation of a-silyl alkoxide intermediates 216 fol-
lowed by cationotropic migration of the silyl group to the oxyanion
and subsequent elimination of the sulfenate ion (Scheme 61).101
Scheme 55 The reaction of vinyl metallates to acylsilanes.
Scheme 56 The synthesis of cyclopentanes from acylsilanes.
Scheme 57 The reaction of acylsilanes with enolates.
Scheme 58 The preparation of cyclopentenes from a,b-unsaturated acylsilanes.
Scheme 59 The synthesis of cycloheptenones from a,b-unsaturated acylsilanes.
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Several regio-defined silyl enol ethers were obtained, which
could not be formed by usual enolisation of the corresponding
unsymmetrical ketones.101
The combination of a Brook rearrangement and an intra-
molecular imine addition provided an efficient synthesis
of protected cis-2-aminocyclopropanols 223 starting from
N-tert-butylsulfinyl ketimines 218 and aryl acylsilanes 219
(Scheme 62).102
The reaction of acylsilanes 224 with aryl-substituted oxiranyl
anions generated from 225 was reported to lead to the for-
mation of tetra-substituted (E)-b-hydroxy silyl enol ethers 229
through a sequential addition/[1,2]-Brook rearrangement/epoxide-
opening process (Scheme 63).103
The three component coupling reaction of a,b-unsaturated
acylsilanes 230 with Grignard reagents (or cuprates) and alkyl
or aryl halides was reported by Takeda and co-workers provid-
ing access to a series of (Z)-silyl enol ethers 233 (Scheme 64).104
This reaction process involves the initial formation of the
copper enolate 231, followed by the 1,2-silyl rearrangement
and the subsequent coupling of an alkenylcopper species 232
with an organic halide to form the final product. This result
also suggests that a,b-unsaturated acylsilanes typically react
with nucleophiles as Michael acceptors.
3.1.3 Fluoro-substituted products from acylsilanes. From
1991, Portella and co-workers have investigated the reaction of
perfluoroorganometallic (Mg or Li) reagents with acylsilanes.105
The results of this reaction were highly dependent on the metal
used and the silicon substituents, and either alcohols, enones,
or silyl enol ethers could be obtained. The nucleophilic addi-
tion of perfluoro-organomagnesium reagents (prepared from
perfluoroalkyl iodide 234 and ethylmagnesium bromide at
45 1C) to acylsilanes at low temperatures (10 1C or 45 1C)
followed by acid hydrolysis afforded the corresponding alcohols
236 (Scheme 65).106
For aroylsilanes, warming the magnesium alcoholate 235 to
room temperature and the addition of triethylamine accelerated
Scheme 60 The synthesis of b-hydroxy amides from acylsilanes.
Scheme 61 The preparation of silyl enol ethers from acylsilanes and alkylsulfoxides.
Scheme 62 The synthesis of cis-cyclopropanols from acylsilanes.
Scheme 63 The reaction of acylsilanes with oxiranyl anions to afford silyl enol
ethers.
Scheme 64 The copper-mediated synthesis of silyl enol ethers from a,b-unsatu-
rated acylsilanes.
Scheme 65 The reaction of perfluoroorganometallic reagents with acylsilanes.
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the Brook rearrangement, which was followed by elimination of
fluorine to form aryl-perfluoroalkenyl ketones 240 (Scheme 65).107
If the silicon atom was sterically hindered by a bulky tert-butyl
substituent, the reaction stopped after b-elimination of the
a-fluorine atom and led to the formation of silyl enol ethers
243 (Scheme 66).108
Portella also reported that for aliphatic acylsilanes, perfluoro-
organolithium reagents provided the best results, whereas for
the aromatic substrates, magnesium-based reagents proved
optimal.108 Additionally, because of the introduction of fluor-
ine, these enoxysilanes have both nucleophilic and electro-
philic properties and their subsequent reaction with ketals
and amines was investigated.108,109
Recently, Wu has developed a tandem reaction for the
synthesis of b-hydroxy-a,a-difluoroketone derivatives through
Barbier-type allylation of trifluoroacylsilanes followed by Brook
rearrangement and fluoride-promoted aldol reactions.110
Portella and co-workers have reported that in the presence of
a catalytic amount of tetrabutylammonium difluorotriphenyl-
stannate (DFTPS), trifluoromethyl-trimethylsilane (TFM-TMS)
reacts with acylsilanes to form the corresponding difluoroenoxy-
silanes 247 (Scheme 67).111 This approach is similar to Reich’s
work on the formation of silyl enol ethers from acylsilanes.93
The umpolung reactivity of difluoroenoxysilanes makes them
useful building blocks for the preparation of gem-difluorinated
compounds through several reaction processes such as alkyla-
tions, aldol condensations or Michael additions.112 Notably, in
sugar chemistry, difluoro-C-glycosides could be formed by the
reaction of difluoroenoxysilanes with glucal.113
In 1998, Portella reported the regioselective Mukaiyama–
Michael reaction of difluoroenol silyl ethers, formed in situ
from trifluoromethyl-trimethylsilane and acylsilanes, with
enones to form 2,2-difluoro-1,5-diketones 248 (Scheme 68).114
A strong Lewis acid is necessary as difluoroenoxysilane is a poor
nucleophile owing to the presence of the electron-withdrawing
fluorine atoms. To minimise the potential for polymerisation of
enones in the presence of a strong Lewis acid, ytterbium triflate
was selected in the following optimisation studies. Further
treatment of the 1,5-diketones 248 with base afforded fluoro-
cyclohexenones 249 or fluorophenols 250 by regioselective
Robinson annulation. In 1999, Portella also described the
one-pot reaction of bis(acylsilanes) with trifluoromethyl-
trimethylsilane (TFM-TMS) affording 2,2-difluoro-3-trialkyl-
silylketols.115 Subsequent defluorosilylation provided an effective
process for the synthesis of cyclic 2-fluoro-1,3-diketones.115
Recently, Portella reported the reaction of difluoroenol silyl
ethers with amines affording difluoroamines (Scheme 69).116
As an alternative to standard amine substrates, (R)-phenyl-
glycinol was reacted with difluoroenol silyl ethers to form
2-difluoromethyloxazolidines 252. After separation of the
diastereomers, reduction with lithium aluminium hydride (LiAlH)
or a Strecker-type protocol yielded enantiopure (R)-difluoromethyl-
amines 253a and (R)-difluoromethylamino acids 253b, respectively.
In 1992, the group of Xu reported that the reaction of
trifluoroacetyltriphenylsilane 136 with lithium reagents led to
the formation of difluoroenol silyl ethers 256 following
b-elimination of fluorine after Brook rearrangement
(Scheme 70).74,117 In addition, they investigated the [4+2] and
Scheme 66 The synthesis of perfluorosilyl enol ethers.
Scheme 67 The conversion of acylsilanes to perfluorosilyl enol ethers.
Scheme 68 The conversion of acylsilanes to fluorinated cyclohexanones or
phenols such as 249 and 250, respectively.
Scheme 69 Acylsilanes can be readily converted to 2-difluoromethyloxazolidines.
Scheme 70 The preparation of perfluorosilyl enol ethers from trifluoroacylsilanes.
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[2+2] cycloadditions of difluoroenol silyl ethers with alkenes or
alkynes.118
3.2 Reactions with other nucleophiles (such as ylides or
ynolates)
Based on Brook’s previous work on the reactions of acylsilanes
with diazomethane and Wittig reagents,91b since 1988, the
research group of Soderquist has developed Wittig reaction
protocols involving acylsilanes and ylides, which provide an
efficient and highly stereoselective method for the preparation
of (Z)-1,2-disubstituted vinylsilanes 257 (Scheme 71).119 The
reaction of a,b-unsaturated acylsilanes with ethylidenetri-
phenylphosphorane afforded the corresponding stereodefined
silylated polyenes.65c
Nakajima and co-workers investigated the reaction of
acylsilanes with sulfur ylides, and determined that either
b-ketosilanes or silyl enol ethers could be formed selectively
through 1,2-cationotropic or anionotropic rearrangement of
silicon to O or C, respectively, depending on the nature of
substrates and the additives.120 In 2002, Shindo and co-workers
reported the (Z)-selective olefination of acylsilanes 259 by the
addition of ynolate anions 258 (Scheme 72).121
3.3 Anion- or carbene-catalysed reactions of acylsilanes:
acylsilanes as acyl anions
The preliminary results regarding the base-catalysed hydrolysis
of acylsilanes to aldehydes in aqueous medium suggested
that initial nucleophilic attack of the hydroxide at the highly
polarized carbonyl carbon atom followed by Brook rearrange-
ment leading to a carbanion intermediate 263 was a suitable
mechanism (Scheme 73).1,122 Based on this early observation,
the potential of acylsilanes as acyl anion precursors has
attracted significant attention. It is worth mentioning that,
when using alkoxides instead of hydroxide, complex product
mixtures were obtained and the nucleophilic attack of
alkoxides on the silicon atoms of acylsilanes was preferred,
forming pentacovalent intermediates which underwent the
rearrangement of a group (aryl c alkyl) from silicon to carbo-
nyl carbon and yielding the corresponding dialkoxysilane as the
major product.91b,122 In addition, the hydrolysis product,
aldehyde 264, was also formed albeit in very low yields by the
attack of alkoxides at the carbonyl group, which is similar to the
hydrolysis of acylsilanes with hydroxide and was confirmed by
Brook using chiral acylsilanes.122b
Treatment of aryl acyl trimethylsilanes with fluoride anions
in wet solvents also provides the desilylated aldehyde products.123
When the reaction was performed in the presence of several
electrophiles, in particular alkyl halides, acylsilanes were
readily converted to ketones 269 (Scheme 74).32b,123 Walton
has proposed that the reaction of acylsilanes with organic
halides in the presence of KF-18-crown-6 ether was initiated
by the attack of fluoride anions at the carbonyl group,123a
however, Heathcock suggested that the fluoride-catalyzed
protodesilylation or desilylation/alkylation of acylsilanes
proceeded through the initial attack of the fluoride anion
at the silicon atom to form acyl anion intermediates 267
(Scheme 74).123b,c The pathways involving the nucleophilic
attack of the alkoxide or fluoride ion at the silicon atom can
be explained by the high Si–O and Si–F bond dissociation
energies (106 and 142 kcal mol1). However, as in the reactions
of acylsilanes with alkoxides, similar rearrangement of the
initially formed pentacovalent intermediates was also observed.
In 1987, Bulman-Page and co-workers reported the for-
mation of alcohol 275 in the fluoride-catalysed reaction of
acylsilanes 270 in the presence of water resulting from the
Scheme 71 The Wittig reaction of acylsilanes to access disubstituted vinylsilanes.
Scheme 72 The olefination of acylsilanes utilising ynolate anions.
Scheme 73 Hydrolysis affords the aldehyde from acylsilanes.
Scheme 75 The various reaction modes of acylsilanes in the presence of
fluoride ions.
Scheme 74 The fluoride-mediated synthesis of ketones from acylsilanes.
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migration of the alkyl group from the silicon to the carbon
atom (Scheme 75).67b,124 In 1995, Oshima and Utimoto further
applied this unique rearrangement sequence to the stereo-
selective synthesis of 1,3-diols 281 and 282 from b-hydroxy-
acylsilanes 276 and 277 (Scheme 76).125
The softer properties of the cyanide anion compared to
fluoride lead to a preferential attack at the carbonyl group of
acylsilanes. Therefore, the cyanide promoted Brook rearrange-
ment of acylsilanes to form silyloxy nitrile anions has also been
utilised as an efficient way to form acyl anion equivalents from
acylsilanes.9b,126 The reaction of acylsilanes with a cyanide anion
was first reported by the groups of Degl’Innocenti and Ricci in
1987.9b,126e Then in 2000, Takeda reported the reaction of acyl-
silanes with potassium cyanide under phase-transfer catalytic
conditions and the formation of a-cyano carbanions 285 during
the reaction was proposed (Scheme 77).126a,c,d Subsequently,
Portella described the cyclisation of 1,5- and 1,6-bis(acylsilanes)
with potassium cyanide to afford silylated cycloalkanones.
Two different kinds of silyl migrations from 293, [1,2] C to O
and [1,4] O to O, are responsible for the formation of the two
isomers 288 and 289 (Scheme 78).126b Previously, they also
reported the cyclisation of 1,6- and 1,7-bis(acylsilanes) through
Lewis acid activated intramolecular aldol reactions.9f
Around the same time, Johnson and co-workers investigated
the cyanide-catalysed reaction of acylsilanes with a series
of electrophiles. They proposed that carbanionic cyanohydrin
derivatives could be formed by reactions of acylsilanes with
various cyanide sources. The acylation of carbanionic cyano-
hydrins with cyanoformate leads to the formation of 300.127 The
addition of [18]-crown-6 to the reaction mixture increased the
solubility of the KCN.127c The corresponding enantioselective
transformation was achieved in the presence of an in situ formed
chiral aluminium cyanide complex (Scheme 79).127a,b
A regiospecific cross silyl benzoin reaction of an acylsilane
301 with an aldehyde 302 was reported using KCN as a catalyst,
Scheme 76 The fluoride-mediated preparation of 1,3-diols from acylsilanes.
Scheme 77 The reaction of acylsilanes with cyanide ions.
Scheme 78 The cyanide-mediated cyclisation of bis(acylsilanes).
Scheme 79 The cyanide-catalysed reaction of acylsilanes.
Scheme 80 A cyanide catalysed cross silyl benzoin reaction.
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which resolved the poor selectivity of the benzoin reaction of two
different aldehydes (Scheme 80).128 La(CN)3 also proved to be an
efficient catalyst for the silyl benzoin reaction, and even the acyla-
tion of ketones with acylsilanes could be catalysed by La(CN)3.
129
Chiral metallophosphites are also ideal catalysts for the
asymmetric cross silyl benzoin reaction and umpolung inter-
mediates 304 are proposed to be involved in the reaction
pathway (Scheme 80).130 The 1,4-addition of acylsilanes to
a,b-unsaturated amides was also achieved using a metallo-
phosphite catalyst.131 The reaction was proposed to proceed in
an unusual [1,2]-Brook rearrangement/1,4-conjugate addition/
retro [1,4] Brook rearrangement sequence. Metallophosphites
have also been used in the enantioselective addition of acyl-
silanes to nitrones for the formation of N-aryl-a-amino ketones.132
Scheidt and co-workers reported the thiazolium-catalysed
sila-Stetter reaction of acylsilanes 308 with unsaturated com-
pounds 309 (Scheme 81).133 Through the addition of a neutral
Lewis base catalyst, acyl anion precursors could be formed from
acylsilanes in the presence of thiazolium catalyst, which under-
went conjugate addition with a,b-unsaturated ketones.134,135
The Paal–Knorr reaction of the 1,4-dicarbonyl compounds 314
formed in situ afforded a series of highly functionalised
pyrroles following the addition of various amines.135
Thiazolium-catalysed addition reactions of acylsilanes
with N-phosphinoylimines 315 have also been investigated,
providing an efficient route to a-aminoketone products 317
(Scheme 82).134,136 The reaction of acylsilanes with nitroalkenes
can be catalysed by thiazolium salts, albeit in low yield perhaps
due to the instability of nitroalkenes in the presence of base.
Thiazolium carbinols 318 obtained from the stoichiometric
reactions of acylsilanes with thiazolium are stable and behave
as carbonyl anions when exposed to amine base or a fluoride
source (Scheme 83).137
3.4 Addition reactions to a,b-unsaturated acylsilanes
Based on the success of the preparation of a,b-unsaturated
acylsilanes, several pathways to such acylsilane derivatives have
been developed (see Section 2.6). These alkenyl acylsilanes have
been involved in many different transformations, such as their
application as acetylenic dienophiles or in the synthesis of enol
silyl ethers. Due to the beneficial effect of the silyl group, the
synthetic application of acylsilanes as Michael acceptors is very
important. In 1985, Danheiser reported the first conjugate
addition of allylsilanes to a,b-unsaturated acylsilanes
(Scheme 84).138 Subsequently Ricci and co-workers have
utilised Michael type additions of silylated nucleophiles to
unsaturated acylsilanes to form a series of polyfunctionalised
acylsilanes 325 and 326 (Scheme 85).139 Ethynyl triphenylsilyl
ketones can also undergo a similar nucleophilic addition
process to form the corresponding b-functionalised propenoyl-
silanes.65a–c Notably, the same reactions of propargyl aldehydes
with nucleophiles afford the corresponding 1,2-adducts. The
reaction of ethynyl triphenylsilyl ketones with tributylstannyl-
cuprate produced the corresponding bismetallated compounds
which could be further functionalised through Stille
coupling.65b Later, Takeda and co-workers reported research
on addition reactions of a,b-unsaturated acysilanes with differ-
ent nucleophiles (see Section 3.1.2).
Scheme 81 The thiazolium catalysed Stetter reaction of acylsilanes.
Scheme 82 The thiazolium-catalysed addition reactions of acylsilanes with
N-phosphinoylimines.
Scheme 83 Thiazolium carbinols, formed from acylsilanes, undergo Michael
addition with nitroolefins.
Scheme 84 The addition of allyl silanes to a,b-unsaturated acylsilanes.
Scheme 85 Nucleophilic addition to a,b-unsaturated acylsilanes.
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Narasaka has reported the allylic rearrangement of a-methylene-
b-hydroxy acylsilanes to more stable conjugated forms in the
presence of tetrabutylammonium perrhenate and p-toluene-
sulfonic acid.140 In addition, the [3+2] and [3+3] cycloaddition
between a,b-unsaturated acylsilanes 327 and allenylsilanes 328
in the presence of TiCl4 afforded five- or six-membered carbo-
cycles depending on the substitution pattern of the initial
substrates (Scheme 86).141
3.5 Nucleophilic reactions of the carbonyl oxygen and the
a-carbon of acylsilanes
The carbonyl oxygen of acylsilanes is typically more nucleo-
philic than the ketone equivalent due to the strong inductive
effect of silicon.3d In other words, enolisation of acylsilanes
bearing a hydrogen atom on the a-carbon is favoured because
of the proximal silyl group. For example, the cyclisation of
3-halopropyl ketones typically affords the corresponding
cyclopropanes.142 On the contrary, Tsai has reported that
(g-haloacyl)- and (d-haloacyl)silanes can cyclise in polar aprotic
solvents to afford 2-silyldihydropyrans and 2-silyldihydrofurans
(Scheme 87).143 Subsequently, Molander and co-workers devel-
oped several useful transformations involving the nucleophilic
attack of the carbonyl oxygen to other less hindered carbonyl
groups.144 Using the Corey–Brook dithiane strategy, they
synthesised a series of novel 1,4- and 1,5-acylsilane dicarbonyl
compounds 335 and 336 and investigated the TMSOTf-
promoted highly regioselective [3+4] and [3+5] annulation
reactions of 335 and 336 with bis(trimethylsilyl) enol ethers
(Scheme 88).144a The acylsilane carbonyl group was activated
through the initial nucleophilic intramolecular attack of the
carbonyl oxygen at the TMSOTf-activated ketone carbonyl
group affording the corresponding oxocarbenium ion 337.
Then intermolecular attack of dinucleophile bis(trimethylsilyl)
enol ether 338 at the acylsilane carbonyl carbon followed by the
ring closure via a second oxocarbenium ion produced the
corresponding bicyclic product.144a Moreover, the intramolecular
attack of the nucleophilic carbonyl oxygen of 1,4-acylsilane
dicarbonyl compounds 342 on the ketone carbonyl under
acidic conditions followed by the loss of water from the inter-
mediate facilitated the construction of substituted 2-silylfurans
(Scheme 89).144b Both 1,4- and 1,5-bis(acylsilanes) can undergo
cyclodehydration under acid catalysis, in a similar process to
the Paal–Knorr synthesis for furans, to form the corresponding
symmetrical or unsymmetrical 2,4-bis(trialkylsilyl)furans and
2,6-bis(trialkylsilyl)-4H-pyrans.145
As the related sulfur derivatives of acylsilanes, silyl thio-
ketones are also versatile building blocks for polyfunctionalised
molecules.146 Thioacylsilanes can be prepared from the reaction
of acylsilane with H2S/HCl or Lawensson’s reagent, which was
extensively investigated by Bonini’s group (Scheme 90).147,148 In
2005, Degl’Innocenti and co-workers found that thionation of
acylsilanes 1 could also be performed using HMDST in the
presence of CoCl26H2O as a catalyst.149 Correspondingly, they
also found that the thionation of bis(acylsilanes) with HMDST
provides access to bis-silylated thiaheterocycles 348 which were
most likely formed through the intramolecular cyclisation of the
Scheme 86 The nucleophilic addition of allenylsilanes to a,b-unsaturated acylsilanes.
Scheme 87 The synthesis of dihydrofurans from halogenated acylsilanes.
Scheme 88 The preparation of bicyclic cyclohexanone derivatives.
Scheme 89 The synthesis of 2-silylfurans from keto-acylsilanes.
Scheme 90 The preparation of thioacylsilanes.
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enethiol form of the thioacylsilanes on the other CQS or CQO
groups followed by dehydration or hydrogen sulfide elimination
(Scheme 91).149
As previously mentioned, enolisable acylsilanes can be used
to synthesise a-substituted 2-alkenoylsilanes (see Scheme 35).68
Moreover, the diastereoselective aldol condensations of bulky
acylsilanes with aldehydes were performed with lithium diiso-
propylamide as base.150 Enolisation of the acylsilane carbonyl
group has recently been exploited for the a-alkylation of acyl-
silanes using an asymmetric Michael addition of nitroolefins
(Scheme 92).151 This reaction process is catalysed by a chiral
proline-based guanidine catalyst which is proposed to dually
activate both the acylsilane and the nitroolefin to facilitate the
transformation with high diastereo- and enantioselectivity.
Recently, Hou and co-workers also reported the Pd-catalysed
enantioselective allylic alkylation of acylsilanes with monosub-
stituted allyl substrates (Scheme 93).152
3.6 Radical reactions involving acylsilanes
Traditionally, kinetic studies have suggested that the intra-
molecular addition of radicals to carbonyl species, such as
aldehydes and ketones, is reversible and fragmentation rates are
typically faster than the rate of addition. In the case of acylsilanes
however, the irreversible radical-Brook rearrangements of b-silyl
alkoxy radical intermediates make acylsilanes excellent substrates
for radical addition processes (Scheme 94).153
Silyl enol ethers are valuable synthetic intermediates. In
Section 3.1.2, we detailed two interesting routes developed by
Reich for the preparation of silyl enol ethers from acylsilanes.
Similarly, the neutral radical versions of Reich’s routes,
which take advantage of intramolecular radical cyclisation of
acylsilanes followed by Brook rearrangement and b-fragmenta-
tion, could be used for the regioselective construction of cyclic
silyl enol ethers 363 (Scheme 95). For acylsilanes with terminal
a-stannyl bromides 364, intramolecular radical cyclisation of
a-stannyl radicals to acylsilanes led to the formation of five-
membered rings (Scheme 96).9c,154 Starting from a-bromo-
a-sulfonylacylsilanes 369, the radical cyclisation produced both
five- and six-membered rings (Scheme 97).154
In addition, Tsai and co-workers have investigated the
intramolecular radical cyclisation of carbohydrate-based acylsilanes
374 to afford polyoxygenated carbocycles 375 (Scheme 98).155
To demonstrate the importance of intramolecular radical cycli-
sations of acylsilanes in organic synthesis, this approach was
Scheme 91 The synthesis of S-heterocycles from bis(acylsilanes).
Scheme 92 The organocatalytic asymmetric Michael addition of nitroolefins
using acylsilanes.
Scheme 93 The palladium-catalysed enantioselective allylic alkylation of acylsilanes.
Scheme 94 The radical-mediated synthesis of cyclopentanes.
Scheme 95 Radical cyclisations are a valuable approach for the preparation of
silyl enol ethers.
Scheme 96 Carbocyclisation of radical intermediates to form silyl enol ethers.
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recently employed in the total synthesis of polyhydroxylated
alkaloids such as (+)-swainsonine and ()-epiquinamide to
access the core skeleton structure.156
3.7 Transition metal-catalysed reactions of acylsilanes
The first example of a transition metal catalysed reaction with
acylsilanes was reported by Kang and co-workers in 1990, who
described the group 6 metal-carbonyl complex-catalysed reac-
tion of o-(a-phenylthio)alkylbenzoyltrimethylsilanes for the for-
mation of benzocyclobutenones.157 In 1991, Panek reported the
palladium-catalysed hydrogenolysis of acylsilanes 376 to afford
aldehydes 9 (Scheme 99).158 This conversion is also feasible in
the presence of base or fluoride anions; however, for sensitive
substrates, the formation of side-products was also observed.
For example, b-alkoxy acylsilanes readily undergo elimination
under basic conditions to form a,b-unsaturated aldehydes. The
abnormal length of the Si–carbonyl bond in acylsilanes makes
this bond highly susceptible to cleavage. The reaction was
conducted in the presence of palladium on activated carbon
catalyst under 1–2 atmospheres of hydrogen gas. The phenyl
substituent on silicon was found to be crucial, as no hydro-
genolysis of the corresponding acyltrimethylsilane was
detected. The interaction between the phenyl ring and catalyst
could explain this reactivity pattern.
In 1996, Narasaka and co-workers investigated the reaction
of a bis(silyl)ketone with electron-deficient alkenes and alkynes
catalysed by palladium(0) complexes.159 Later, they developed
rhodium-catalysed intramolecular acylation of an acylsilane
containing a tethered alkynyl group (Scheme 100).160 Around
the same time, Tsuji and co-workers reported the acylation of
allylic trifluoroacetates with acylsilanes catalysed by palladium
complexes (Scheme 101).161 A DFT calculation was also per-
formed and showed that the interaction of the high-lying
HOMO of acylsilanes and the low-lying LUMO of the allyl-
palladium trifluoroacetate intermediate is significant in the
catalytic cycle.161 Of note, the silyl group is not retained during
the reaction process. Recently, Krska and co-workers reported
that aroylsilanes react with aryl bromides in the presence of
palladium catalyst to form unsymmetrical diaryl ketones
(Scheme 102).162 They proposed that transmetallation of aroyl-
silanes to a palladium hydroxo-intermediate occurred.
3.8 Photochemical and thermal isomerisations of acylsilanes
Acylsilanes are stable in the dark, but sensitive to light (in the
presence of oxygen or nucleophilic species such as water),
which is consistent with their abnormally long wavelength
n–p* absorption (380–420 nm) and relatively large extinction
coefficient (100–300).163 For the photochemical reactions of
acylsilanes, mechanisms involving both carbenes (see inter-
mediate 4) and radicals (see intermediate 384) are possible,
depending on the structure of the acylsilane, the reaction
medium, and the co-reactant employed (Scheme 103).
Scheme 97 The radical-mediated synthesis of functionalised cyclopentenes.
Scheme 98 Radical cyclisations were employed to access the polyoxygenated
core structure in total synthesis.
Scheme 99 The palladium-catalysed hydrogenolysis of acylsilanes.
Scheme 103 Both carbene and radical mechanisms are possible for light-
induced reactions of acylsilanes.
Scheme 100 The intramolecular acylation of an alkynyl-acylsilane.
Scheme 101 The palladium-catalysed allylic acylation of acylsilanes.
Scheme 102 The palladium-catalysed synthesis of diarylketones from acylsilanes.
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The first report regarding the photolysis of acylsilanes was
published by Brook and co-workers in 1967 (Scheme 104).163
They found that in neutral solutions or in the presence of traces
of acetic acid, photolysis of acylsilanes 1 in alcohol affords
alkoxysilanes 385, silanols 386, and the aldehyde dialkyl acetals
387. In the presence of a small amount of base however, a
different reaction pathway takes place, and a mixed acetal 388
is formed. The latter reaction was proposed to proceed via a
siloxycarbene intermediate and the insertion of the siloxy-
carbene to the OH bond of the alcohol forms the mixed acetal.
As we mentioned in Section 2.6, Denmark and co-workers
developed the transformation of a,b-unsaturated acylsilanes
to the corresponding enals through a similar photoinduced
protiodesilylation process in a protic solvent.72 The photolysis
of acylsilanes in the presence of several other polar reagents
such as acetic acid, HCN, HCl, pyrrole, HSPh, and HCH(CN)2
was also reported, and the silyl ether product 390 resulting
from the insertion of the siloxycarbene to the active HX bonds
was obtained (Scheme 105).164 Additionally, the insertion of a
siloxycarbene to the H–Si bond of organosilicon hydrides was
also reported.165
Thereafter, to prove the formation of the proposed siloxy-
carbene intermediate, Brook and co-workers investigated the
photochemical reactions of acylsilanes 391 with carbonyls and
diethyl fumarate (Scheme 106).166 They observed that the
photolysis of acylsilanes in the presence of aldehydes and
ketones results in the formation of oxiranes, and the photolysis
reaction of 1,1-diphenylsilacyclohexanone and diethyl fumarate
leads to the formation of a cyclopropane derivative.166 Subse-
quently, Bourque and Dalton re-investigated the reaction
mechanism and were able to confirm the formation of a
siloxycarbene intermediate from the isomerisation of the
excited triplet state of the acylsilane.167 In the cyclopropanation
reaction however, they proposed that the excited states (S1 and
T1) of acylsilane rather than the siloxycarbene directly reacted
with the electron-deficient alkene.168 Laser flash photolysis of
benzoyltrimethylsilane affords siloxycarbene, which can be
trapped by pyridine to form an ylide.169
The photolysis of acylsilanes 394 in carbon tetrachloride was
reported to involve the Norrish type-I cleavage of the C–Si bond
affording acyl and silyl radicals,170 although Porter proposed
that the observed products were formed via an acylsilane-CCl4
exciplex according to their chemically induced dynamic nuclear
polarisation study (Scheme 107).171 The photolysis of acyclic
acylsilanes in non-polar and non-halogenated solvents such as
cyclohexane or unsaturated solvents such as di- and trichloro-
ethylenes also affords complex products by radical mechanisms,172
whereas the photolysis of cyclic acylsilane 1,1-diphenyl-1-
silacyclohexanone-2 in hexane is proposed to involve a siloxy-
carbene intermediate.173 Moreover, the photochemical reaction
of aroylsilanes with tetraethyl pyrophosphite was proposed to
involve the homolytic cleavage of the aroyl carbon–silicon
bond.174 In general, when compared with the formation of
the siloxycarbene, the radical cleavage of acylsilanes is relatively
slow and much less efficient.175
In 1996, Sander and co-workers investigated the photo-
chemistry and photooxidation of three different acylsilanes
(formyl-trimethylsilane, acetyl-trimethylsilane, and benzoyl-
trimethylsilane) in the presence of argon and O2-doped argon
matrices.176 Although they exhibited different reactivity patterns,
all of the results obtained can be explained through either the
siloxycarbene or radical mechanism. More recently, facile photo-
chemical insertion of siloxycarbenes into the OH-bond of a
variety of carbohydrates afforded a series of highly acid-sensitive
siloxyacetal glycosides which could be potential pH-activated
prodrugs for the selective treatment of solid tumors.177 In
addition, this approach was also used in the synthesis of several
nucleoside analogues starting from thymidine.178
Taking advantage of the nucleophilic properties of siloxy-
carbene, the group of Kusama has developed a photochemically
Scheme 104 The photolysis of acylsilanes in the presence of alcohol affords a
range of products.
Scheme 106 The various photolytic reaction modes of cyclic acylsilanes.
Scheme 105 The synthesis of silyl ethers from the photolysis of acylsilanes in
the presence of polar reagents.
Scheme 107 The photolysis of acylsilanes in a halogenated solvent provided a
range of products.
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promoted cross-coupling of acylsilanes with organoboronic
esters (Scheme 108).179 In 2008, Portella and co-workers found
that acyl(allyl)silanes 404 could undergo a photochemically
induced intramolecular (2+2) cycloaddition in acetonitrile affording
1-alkyl-6-oxa-2-silabicyclo[2.2.0]hexanes 407 (Scheme 109); how-
ever in this case, only aliphatic acylsilanes afforded the desired
products.180
The photochemical silylacylation reaction between acylsilanes
and alkynes was recently reported by Bolm and co-workers
(Scheme 110).181 Following formation of the silyloxycarbene,
addition to an alkyne takes place, in either an inter- or
intramolecular fashion to afford a series of functionalised
silylvinyl ketones. Importantly, this process proceeds in an
atom-economical manner with complete retention of the silyl
group, in comparison to the acylation reaction previously
described (see Scheme 100) where the silyl group was not
retained in the final product.
When the first acylsilane triphenylsilyl phenyl ketone 389
was synthesised, it was observed that when heated to higher
temperatures (250–365 1C), carbon monoxide was not evolved,
and the acylsilane was recovered almost quantitatively after
cooling.1 Later, further investigation (such as the reactions
shown in Scheme 111) demonstrated the possibility of ther-
mally induced formation of siloxycarbene intermediates from
acylsilanes.182 Clearly, thus formed siloxycarbenes 414 and 417
prefer to add to suitable C–H bonds at such high reaction
temperatures. Taking advantage of this ability, Swenton
proposed a strategy to prepare benzocyclobutenols 421 from
(o-tolylcarbonyl)trimethylsilane 419. The results suggested the
formation of 420 as a reaction intermediate (Scheme 112).183
High reaction temperatures (200–350 1C) were necessary for
these transformations to proceed and the photochemically
generated siloxycarbene is proposed to have insufficient thermal
energy to efficiently insert into benzylic C–H bonds. In a similar
context, Dong developed a rapid microwave irradiated reaction
of acylsilanes 424 to form 2,3-dihydrobenzofuran 425 and
benzofuran derivatives 426 in moderate to good yields
(Scheme 113).184 Mechanistic studies on this reaction process
Scheme 108 The light-induced cross-coupling of acylsilanes and boronic esters.
Scheme 113 Thermally induced siloxycarbene formation facilitated heterocycle
formation.
Scheme 111 At elevated temperatures acylsilanes form siloxycarbenes.
Scheme 109 The light-induced intramolecular cyclisation of allylic-acylsilanes.
Scheme 110 The photochemical silylacylation of alkynes.
Scheme 112 The formation of a siloxycarbene intermediate at elevated
temperatures leading to an intramolecular rearrangement sequence.
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were recently reported by the group of Wang, who determined the
formation of the siloxycarbene to be the rate limiting step.184b
In 1981, Brook reported the first synthesis of stable silene
derivatives 428 from acylsilanes.185 The [1,3]-Si to O shift of a
trimethylsilyl group to form the corresponding silene can be
promoted either photochemically or thermally (Scheme 114).
The preparation of silenes using this approach and their
subsequent reactivity patterns have been thoroughly investi-
gated in recent years by the groups of Brook, Ishikawa and
others.186 In addition, several comprehensive reviews regarding
the chemistry of silenes have been published.187
3.9 The oxidation and reduction of acylsilanes
In 1977, Zweifel and co-workers reported the oxidation of
1-boryl-1-silylalkenes with alkaline hydrogen peroxide to form
carboxylic acids.39b,188 They proposed that acylsilanes were
formed first during the oxidation, which were then further
oxidised to the corresponding carboxylic acids by nucleophilic
addition of hydroperoxide anions followed by a Brook rearran-
gement.38,39b,188,189 Peroxides have become the most common
reagents for the oxidation of acylsilanes; however, ozone as a
mechanistically related oxidant has also been employed to
oxidise acylsilanes to afford the corresponding silyl esters.190
The oxidation potential of acylsilanes is much lower than
that of ketones and aldehydes due to the higher HOMO levels
caused by the interaction between the Si–CO s orbital and the
nonbonding orbital of oxygen.161,191 Since 1989, Yoshida and
co-workers have investigated the electrochemical oxidation of
acylsilanes in the presence of alcohols, water, and amines to
afford the corresponding esters, acids, and amides directly
(Scheme 115).191a,b During the reaction process, selective clea-
vage of the Si–C bond under very mild reaction conditions is
followed by the nucleophilic addition of oxygen or nitrogen
nucleophiles to the carbonyl carbon.
Recently, taking advantage of the higher reduction poten-
tials of iron(III) ions (0.77 V) and nitrate ions at acidic pH
(0.94 V), Moran and co-workers developed the transformation
directly from acylsilanes to esters mediated by iron(III) salts and
nitric acid in the presence of alcohols.192 The proposed mecha-
nism is similar to the one proposed for the electrochemical
oxidation. Notably, in these cases, acylsilanes can be consi-
dered as acyl cation equivalents. This is in contrast to the
aforementioned reactivity of acylsilanes in anion or carbene
catalysed reactions, in which acylsilanes are considered to
behave as acyl anion equivalents.
As mentioned in Section 3.1, the polarisation of the carbonyl
group of acylsilanes is reflected in their various reactions with
different types of nucleophiles. Accordingly, the reduction
of acylsilanes to the corresponding a-silyl alcohols proceeds
readily. Due to the importance of optically active a-hydroxy-
silanes in stereocontrolled C–C bond formation reactions and
Wittig rearrangements, enantioselective reduction of acylsilanes
has attracted significant attention. Until now, the most com-
monly employed reagent for the enantioselective reduction of
acylsilanes is Ipc2BCl.
193 Recently, the chiral oxazaborolidine
reagent was also shown to be effective in the reduction of
acylsilanes.194
In addition to the standard reducing reagents such as
LiAlH4, NaBH4, and DIBAL-H, several organometallic compounds
were found to be useful for reducing acylsilane by hydride
transfer of the Meerwein–Ponndorf–Verley (MPV) type. Early
research from Brook’s group has shown that Grignard reagents
having b-hydrogens could be used to reduce acylsilanes to
a-silyl alcohols.195 Mosher has also investigated the asymmetric
reduction of acylsilanes using chiral Grignard reagents,
although low enantioselectivity was observed.196 Takeda and
co-workers found that the reaction of a,b-unsaturated acyl-
silanes with the lithium amide of chiral secondary amines
affords g-silyl allylic alcohols in high enantiomeric excess.99b
Their additional research showed that the enantioselective
reduction of alkynoylsilanes with chiral lithium amides
followed by Brook rearrangement and subsequent stereo-
selective SE20 electrophilic substitutions provided optically
active siloxyallenes which could undergo subsequent in situ
[4+2] cycloaddition leading to highly functionalised polycyclic
compounds with high enantiomeric excess.99a Recently, Xu
investigated the enantioselective reduction of acylsilanes with
diethylzinc promoted by Ti(OiPr)4 or other Lewis acids.
197 In
2010, Matsuo developed a strong Brønsted acid-catalysed
metal-free asymmetric MPV type reduction of acylsilanes with
chiral anti-pentane-2,4-diol.198
In the aforementioned asymmetric cases, typically more than
one equivalent of the chiral reagent was required. In 2002,
Rychnovsky reported the first Ru-catalysed enantioselective
reduction of aromatic acylsilanes using Noyori’s transfer hydro-
genation catalyst.43c,199 Recently, Ohkuma described the first
highly enantioselective hydrogenation of acylsilanes catalysed by
Tol-Binap/pica RuII complexes.200 The substrate-to-catalyst molar
ratio (S/C) achieved was determined to be as high as 10 000 under
10 atm H2. The reduction of acylsilanes has also been reported to
be catalysed by several enzymes or microorganisms.201
Fujiwara has explored the reaction of acylsilanes with lantha-
noid reagents such as ytterbium metal and samarium(II) iodide
(Scheme 116).202 The authors found that both of these
Scheme 114 Photolytical or thermal preparation of silenes from acylsilanes.
Scheme 115 The electrolytic functionalisation of acylsilanes.
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lanthanoid reagents could reduce aliphatic acylsilanes to a-silyl
alcohols 434 by a single-electron transfer process to the carbonyl
group. For aromatic acylsilanes, although samarium(II) iodide
also reduced them to a-silyl alcohols, ytterbium metal acted as
a double-electron reductant and reacted with aroylsilanes to
afford nucleophilic Yb-oxametallacycles. The Yb-oxametalla-
cycle reacted with a second molecule of aroylsilane leading to
the formation of symmetrical 1,2-diarylacetylenes 438 (Scheme 116).
Like aldehydes and ketones, acylsilanes can also undergo
titanium-induced reductive coupling reactions. In 1995,
Fürstner and co-workers reported the first McMurry reactions
of acylsilanes with low-valent titanium complexes leading to the
formation of enedisilanes 440 (Scheme 117). The by-product
442 from the corresponding Brook rearrangement was also
observed.203
3.10 The reactivity of carbamoylsilanes
Carbamoylsilanes, first discovered in 1969,204 are a unique
class of acylsilanes, in which the carbonyl group is connected
both to a silicon atom and to a nitrogen atom. They can be
prepared from the direct reaction of carbamoylcuprates with
silyl chlorides or from the reaction of lithium silylamides with
carbon monoxide taking advantage of a 1,2-silicon rearrange-
ment of N-silyl-N-aryl carbamoyllithium.205 Unfortunately, both
of these approaches exhibit several limitations such as a small
substrate scope and low to moderate yields. In 2001, Cunico
reported that the direct metalation–silylation of N,N-disubstituted
formamides provides an easier way to carbamoylsilanes.206
Moreover, it was found that the carbamoylsilanes could
undergo silyl group exchange with chlorosilanes in the
presence of CsF.206a Recently, Bertrand developed an efficient
method for the synthesis of sterically hindered carbamoyl-
silanes 445 through the rearrangement of (amino)(oxy)carbene
intermediates starting from bulky diisopropylformamide 443
(Scheme 118).207
From 2001, Cunico and co-workers have made significant
progress in the investigation of the reaction of carbamoyl-
silanes with various unsaturated compounds. They observed
that, under thermal activation, carbamoylsilanes behave like
nucleophilic siloxyaminocarbenes, which are able to react with
chloroform, methyl propiolate and 1-chloro-2,4-dinitrobenzene
through a C–H insertion process.208 The facile and efficient
reaction of carbamoylsilanes with carbonyl compounds or
iminium salts lacking a-hydrogens led to the formation of
a-hydroxy- or a-aminoamides (Scheme 119).209 The addition
of carbamoylsilane to imines was also described by Cunico and
co-workers, but highly acidic Lewis acids such as BF3 etherate
or Cu(OTf)2 were required to promote the reaction
(Scheme 120).210 Recently, the same authors also reported the
selective addition of carbamoylsilanes to electrophilic alkenes
to form the corresponding b-silyl-b-functionalised amides 457
(Scheme 121).211
In the presence of palladium catalysts, the direct carbamoyla-
tion of aryl halides, alkenyl halides, benzylic halides and allylic
halides with carbamoylsilanes was reported (Scheme 122).212
Scheme 116 Reactions of acylsilanes with lanthanoid reagents.
Scheme 117 The McMurry reaction of acylsilanes to form ene-disilanes.
Scheme 118 The preparation of carbamoylsilanes from formamides.
Scheme 119 The reaction of carbamoylsilanes with ketones and iminium ions.
Scheme 120 The Lewis acid mediated reaction of carbamoylsilanes with imines.
Scheme 121 The reaction of carbamoylsilanes with activated alkenes.
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These reactions are proposed to undergo a pathway involving
the oxidative addition of palladium to organic halides followed
by ligand exchange with a nucleophilic siloxyaminocarbene.
Dehalosilylation of the reaction intermediate 460 followed by
reductive elimination affords the cross-coupling product 462.
In 2004, Cunico disclosed that carbamoylsilanes reacted
with acid chlorides at ambient temperature affording a-keto-
amides in good yields (Scheme 123).213 The author proposed
that the intermediate 463 generated through the nucleophilic
addition of carbonyl oxygen of carbamoylsilanes on acid
chlorides underwent the elimination of TMS-Cl to form the
resonance-stabilised acyloxy(amino)carbene 464, which could
rearrange to form the final product 465. In the presence of a
palladium catalyst, imidoyl chlorides also reacted with carba-
moylsilanes to afford the corresponding a-iminoamides
(Scheme 124).214 Imidoyl-palladium complexes arising from
the oxidative addition of imidoyl chlorides with the palladium
catalyst are proposed to be the initial intermediate, which
underwent ligand exchange with siloxyaminocarbene to form
the intermediate 467. As above, loss of TMS-Cl from 467
followed by reductive elimination afforded the final products
468 (Scheme 124).
4. Conclusions
Since their discovery more than 50 years ago, the synthesis and
subsequent transformation of acylsilanes have been extensively
investigated. The acylsilane moiety has shown much value in
numerous reaction processes in organic synthesis; however the
synthetic methods available to access acylsilanes are still
limited when compared to other functional groups. To allow
additional studies to be conducted and for the full potential of
acylsilanes to be realised, more efficient and general synthetic
methods to access acylsilanes, in particular alternatively
functionalised acylsilanes, must be developed. A number of
transformations starting from acylsilanes lead to various mole-
cules containing multiple functional groups, such as amino
alcohols, silyl enol-ethers, b-hydroxysilanes, vinylsilanes, sulfur-
containing heterocycles, and mono- or polycarbonyl derivatives.
Investigations into the unique chemical features of acylsilanes
including their photochemical and electrochemical properties
have, to date, only ‘‘scratched the surface’’. As such, many
new exciting reaction processes involving acylsilanes can be
envisaged and these should continue to be explored.
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